29-32 33-35 36-38 who showed that an alpha-particle-emitting isotope of element 95 was obtained from the beta-decay of the plutonium isotope of mass 241. Early investigations of the chemistry of americium were carried out by its discoverers and others, using trace concentrations 'of the element. The results of this work have been published by Thompson, James, Morgan, and Perlman.3 Trace concentration studies established the fact that the chemical properties of americium in aqueous solution were closely similar to those of the tripositive rare earths. Attempts to obtain definite evidence for a higher or lower oxidation state of americium in aqueous solution were not successful.
At the time the work described in this paper was done the half-life of the isotope Am 2 41 was not known. Decay measurements by James 4 suggested a (4) R. A. James, unpublished work. By June, 1945 sufficient Pu241~made by successive (n,Y) reactiona5on Pu 239 , (5) G. To Seaborg, Phys. Revo~78, 472 (1950) 0 was available to suggest that fractional microgram amounts of americium could be obtained for isolation and study of americium in the form of pure compoundsũ sing the apparatus and techniques previously developed for the isolation of mi f 1 · . 6~7~8 crogram amounts 0 p uton~um and neptup.~umo (6) Bo B. Cunningnam andLo B. Werner~Jo Am. Chem. Soco~71, 1521 Soco~71, (1949 . (7) L. B. Magnusson and To J. LaChapelle, ,To Am. Chemo Soc., 70,3534 (1948) . (8) Work on this project was initiated in July, 1945 . Two preliminary runs, designed to test the chemical procedures and techniques employed, were carried through during July and August. The first run yielded an americium fraction of 1.03 micrograms weight which had a specific alpha-activity corresponding to a half-life of 850 years. This work was then repeated using more elaborate measures to exclude impurities (especially rare earth impurities) from all reagents and apparatus used. An americium fraction of 1.3 micrograms weight, having a specific alpha-activity corresponding to a half-life of 550 years was obtained.
The che~cal procedures used in these separations did not differ in princip1e from the procedures described be1ow~which were used to effect the isolation of ten micrograms of pure americium oxide in September, 1945 The final operations in the chemical purification of the americium were conducted in cones of this type 0
Isolation of Americium
The source of americium for the work described in this paper was a quantity of plutonium which had been purified from rare earth and other impurities by repeated precipitation with hydrogen peroxide from~nitric acid solutionQ9
(9) An extremely high degree of purification from rare earth impurities was essential for the success of the subsequent work. At the time this "W:>rk was done no method of efficient quantitative separation of americium from rare earth impurities was known. The starting material contained substantial amounts of rare earths. Experiments in which trace amounts of La 140 had been used showed that separation factors from rare earth impurities of cao 50 could be obtained consistently in successive peroxide precipitations,
The Am 241 daughter was separated from t,he bulk of the plutonium by precipitating the latter as the peroxide. Upon addition of an excess of ammonia to the separated supernatant solution 9 the plutonium which had not precipitated as the peroxide then precipitated as the "hydroxide 9II carrying the americium with it 0 (Under the experimental conditions described the solubilities of the plutonium peroxide and 18hydroxideIV were about 100 mg ./L and 1 mg/I. 9 respec:tive= ly.)
These very simple chemical operations proved to be remarkably efficient for the quantitative separation of americium from plutonium and the concentration of the americium fraction.
Less than two percent of the americium precipitated with the plutonium peroxide 9 while more than 9FJ!, pree>.ipitated with plutonium i8hydroxide 0 Ii ---..5mm .....-15 mm 25 mm
. Fig. 1 Modified Microcone
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The precipitated "hydroxides" were dissolved in a small volume of 1M acid and the peroxide=hydroxide cycle repeated ona smaller scale.
Four a,ycles~with progressive reduction in the scale of operations yielded an americium concentrate containing about 60 p.g, of plutonium in 60 pI, of 1M nitric acid.
In carrying out the precedingwork~precautions had been taken to use the purest reagents available. Nevertheless~i t was anticipated that relatively large amounts of common impurities would concentrate with the americium.
Accordingly~one percent of the americium concentrate was taken for spectrographi c analysis. This aliquot was found to contain 0.1 pg. 0 f iron and 0.2pg.of lead~in addition to the plutonium known to be prese~t.
The main americium fraction was saturated with hydrogen sulfide and allowed to stand for an hour. A small amount of sulfide precipitate was obtained. The UCRL-810 Page 9
Accordingly, two 10 )lg. portions of plutonium (as plutonium (IV) nitrate) were added to provide a Itcarrierll for the unprecipitated americium. Recentrifugation yielded a supernatant solution containing +ess than 2% of the total alpha-activity.
This fraction was removed and set aside. The precipitate was slurried with 50 pI of IBM sulfuric acid, transferred to a snaIl platinum dish and heated to dryness.
-'~'.,-.
The residue was dissolved in 15 )11. of 1M nitric acid. The solution was transferred to a new microcone and 5 pl. of 30% hydrogen peroxide were added. shown in TabJe Io The only impurities detected were La (OoOlpgJ and Fe (0 0 01 pgJ. A similar amount of iron was found. in the hydrochloric acid solution used to dilute the sample preparatory to analysis. Nine lines which could not be attributed to any previously known element, were assigned to the americium spectrum.
When the remaining americium fraction was made alkaline with ammonia gas, a bright reddish-brown precipitate formedo This precipitate was centrifuged to the bottom of the microcone and allowed to stand for some timeo It was The possibility that the color of the solution might actually be due to nanganous manganese was checked by reprecipitation of the hydroxide, which showed no evidence of rapid darkening in the alkaline solution~such as would have occurred had the precipitate been Mn(OH)2.
Moreover~re-examination of the spectrographic plate obtained in the analysis of 10% of the americium fraction revealed no lines which could be attributed to manganese (limit of detection 0005 pg) 0 It was roncluded that the color of solution was due to the hydrated ion of Am(III).
The solution was again saturated with hydrogen sulfide~allowed to stand for 16 hours and subjected to high speed centrifugation. A small amount of grayish-yellow precipitate~barely visible when the tip of the cone was examined under 30x magnification~had collected 0 The color of the precipitate suggested that it was composed mainly of free sulfur.
It was estimated that not more than about 0002pg of lead could have remained in the supernatant solution.
The supernatant solution was carefully removed from the precipitate~trans-ferred to a clean microcone~warmed to expel excess hydrogen sulfide and then tr.eated with 0015 pi of 30% hydrogen peroxide. Sixteen hours were then allowed for precipitation of the plutonium as peroxide~after which the solution was centrifuged and the supernatant liquid transferred to a new microcone~Vthich had been thoroughly cleaned and subjected to careful microscopic examination The supernatant solution from the precipitation with ammonia was removed with a micropipet and the precipitate was dissolved in 2)11. of 1M nitric acid.
The solution of americium activity was transferred by means of a micropipet onto a shallow platinum dish of 1 em. diameter and 0 0 01 mIno thickness~w-lich had been thoroughly cleaned and ignited to con stant weight at 800°C 0 The transfer of the americium activity onto the platinum dish was carried out under 30X magnification~using a pair of simple micromanipulators to hold the pan and syringe, as described by Cunningham and Werner0
6
The solution of americium was evaporated to dryness under an infrared lamp and the pan transferred to a small closed platinum vessel, which was heated slowly to 800°C 0~h eld at this temperature for abvut one minute~and allowed to coolo On inspection of the weighing dish with a microscope, it was UCRL-810 Page 13
observed that the ignition residue was black except at the very thin edges of the deposit~Where it appeared browno The color suggested that this material consisted principally of a higher oxide of americium (cf. npr6011"' ITb 4 0 7 ") rather than the sesquioxide 0 This residue was weighed on a quartz fiber micro-12 balance~similar to that described by Kirk, Craig, Gullberg, and Boyer.
(12) Po Lo Kirk, R. Eo Craig, Jo Eo Gullberg, and R. Q. Boyor~Anal. Chem. 19, 427 (1947) ,
The weighing data are summarized in Table II . . .
The alpha-activity of the sample of americium oxide was determined without removing it from the weighing pan, in a low geometry alpha counter 0 Additional collimation was necessary in order to reduce the counting rate of the sample to within the range of reliable operation of the counting circuit. This was done by reducing the aperture of the window 0 f the counting chamber by covering it with a mask of thin sheet aluminum through which a hole of 1.27 ! 0.025 mm.
diameter had been cut 0 The geometry factor of the counter was calculated as
The sample was introduced into the counting chamber and counted for 60 minutes. A total of 18~936 counts were recorded 0 The counting rate was calculated as = 315.6~2.3 counts per minute. This was corrected for a coincidence loss of 0.8% per 1000 counts per minute to give the figure 31603 :!: 2.3 elm.
The sample was removed and the background of the counter was determined as In order to calculate the specific alpha-activity of the isotope Am 2 4 l , it is necessary to know the formula of the oxide that was weighed •. X-ray diffraction data, obtained by Dr. W. Ho Zachariasen 13 on a sample of black oxide prepared in 
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The Emission Spectrum of Americium After the specific alpha-activity of the americium oxide had been determined as described 9 the oxide was dissolved from the platinum pan by treatment with a few microliters of 1M HCL Twenty percent of this sample was taken for spectrographic analysis~using the spark spectrum and copper electrodes.
15
A considerable amount (about 6% by weight) of platinum was found in this sample.
(15) As shown in a subsequent section of this paper 9 the Am+3_Am+ 4 potential is very negativeD sufficiently so for Am+4 to oxidize Cl-to C1 2 0 Solution of some plat.im.un metal on dissolving Am02 deposited on platinum with hydrochloric acid solution will occur because of the localized formation of chlorine in the solution.
No other impurities were detected. Fifty-one spectral lines 9 not. attributable to any previously known element were found. The wave lengths of these lines were It was found that the spectroscopic limit of detection of americium by the copper spark method was about 0001 pgn comparable to that of the most easily detected rare earths.
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The AbsorEtion Spectrum of Americium
In FebruarYJ 1946 about 10 }lg. of americium were isolated from a larger stock of plutonium which had become available. This material was used to determine the absorption spect,rum of a dilute aqueous solution of americium (III) nitrate. The measurements were made with a Beckman Quartz Spectrophotometer J using micro absorption cells of 1 em. path length. from 400 to 900 m)lo Optical density measurements were made at the following intervals~205 D:JP from 400=500 m}l, LO IllJl from 500-515 D:JP; 205 JJYl from 515 to 845 J'l9l; and 500 Jl91 from 845 -900 l1!P-. The absorption of the americium solution was measured against that of a~solution of nitric: acid contained in a reference cell of the same desi~as that used to hold the sample. The optical densities measured in this way were plotted against wave length. These points were used to construct a curve of the optical density of the solution as a function of the wave length. In drawing the curve random variations of ! 00004 in optical density were considered to be within the range of reproducibility of the instrument and a smooth curve was drawn through such points. The optical density curve was then converted to a molar extinction coefficient curve (Fig. 2) by dividing optical density at selected wave lengths by the molar concentration In connection with a proposed attempt to oxidize Am(lII) in nitric acid to a higher oxidation state~i t was of interest to determine the absorption spectrum of Am(III) in concentrated nitric acid. The measurements were made with 250 p.l. of O.OOIM americium in 15.5M nitric acid. The spectrum is shown in Fig. 3 .
The spectrum is greatly affected by the concentrated acid. There is a marked decrease in the molar extinction coefficient of the 503.5~band~as
well as a pronounced broadening of both the 503.5 and 810~bands. Such an effect~indicating a marked effect of the electric field about the Am(III) ion was anticipated from previous investigations on other tripositive actinide and 16 rare earth ions.
Oxidation of Americium in Aqueous Solution
Since it had been shown that americium exhibited a stable +4 oxidation state in the compound Am0 29 it seemed desirable to reinvestigate the possibility of oxidizing Am(IIl) to a higher oxidation state in aqueous solution using normal The third experiment shows that the potential for the couple is more negative than about =2 oOv, since the effect of l~sulfuric acid would be to render the potential less negative by ca. O.2v. Thic conclusion is based upon the assumption that the stability constant for the sulfate complex of Am(IV) would 19 be at least as large as that for the stability constant for Pu(IV).
In view . .
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Micro Polarographic Cell Assuming now that the difference between the free energies of formation of Pu(III) (aqo) and Pu(IV) (aqo) on the one hand and Am(III) (aq.) and Am(IV) (aqo) on the other also extends to their fluorides 9 the free energy for the corresponding reaction for americium will be at least 24 kcals. less positive than that for plutonium 0 Hencej~F298 for the reactionÃ mF 4~> AmF 3 + 1/2 F 2 -; 20 kcals.
Unless the potential for the couple is as negative as about =3oOv~i t should be possible to prepare AmF 4 stable at room temperature.
At the time the work described in this paper was carried on, the question of primary interest was the extent to which the available data on the chemistry of the actinide elements was consistent with the concept~proposed by Seaborg,24
(24) G. T. Seaborg, ibid., Paper Noo 21.1, that the transuranium elements constituted a series of actinide il5fli elements in the same sense that the rare earth s were a series of 114fll element s.
That Iffll electrons were present in most of the aqueous ions of uI'aniumñ eptunium, and plutonium could scarcely be doubted since sharp absorption bands of these ions were observed even in aqueous solutions at room temperature. The intensities of these bands~while corresponding to transition probabilities some 10 to 100 times as great as those observed for the rare earths, were still so low as to exclude the possibility that they were due to allowed dipole radiations.
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The absorption spectrum of americium (III) was of particular interest in that the band at 503~was entirely comparable in sharpness to the absorption bands of many rare earth ions and distinct in this respect from the absorption bands of any of the ions of the transition elements. The regular decrease in lattice constant of the isomorphous compounds N0 2 , Np02' and Pu0 2 also pointed to an orderly filling of a sub-shell.
While it was generally accepted, on the basis of this kind of evidence, that there was a progressive filling of the 5f shell in the transuranium elements, there was some question concerning the number of Ilfll electrons in the various ions. According to the actinide concept, it would be expected that ions of the transuranium elements in their ground states would have the same number of electrons in f orbitals as their rare earth analogs. The absorption spectrum of americium provided support for this view. It was as a result of the examination of this spectrum that it became evident that the absorption spectra of analogous members of the lanthanide and actinide elements exhibited a definite qualitative resemblance. Analogous ions tended to show a similarity in the complexity of their spectra in the visible and ultraviolet frequency range.
This was regarded as evidence that the ground states and types of transition involved in the two series were analogous.
In other respects the chemical properties of americium were found to be consistent with a progressive filling of the 5f shell. The persistent decrease in lattice constant of the isomorphous compounds U0 2 , Np02~and Pu0 2 was found to extend to Am0 2 , in a manner quite analogous to that due to the lanthanide construction in isomorphous compounds of the rare earths. couple in acid solution is more negative than =2v and that the potential for the Am(II)-Am(III) couple is more positive than +009v.
